The goal of this research was to develop empirical equations to predict chemical and physical compositions of the carcass and the body using the composition of the 9th-to 11th-rib section (rib [9][10][11] ) and other measurements. A database (n = 246) from 6 studies was developed and comprised 37 bulls (BU), 115 steers (STR), and 94 heifers (HF), of which 132 were Nellore (NEL), 76 were NEL × Angus crossbreds (NA), and 38 were NEL × Simmental crossbreds (NS). The right half carcass and the rib 9-11 from the left half carcass were analyzed for ether extract (EE), CP, and water. The remaining components were chemically analyzed to determine the composition of the body. A stepwise procedure was used to determine the variable inclusion in the regression models. The variables included were EE in the rib 9-11 (EER; %), CP in the rib 9-11 (CPR; %), water in the rib 9-11 (WR; %), visceral fat (VF; %; KPH and mesenteric fats), organs plus viscera (OV; %), carcass dressing percentage (CD; %), cold carcass weight (kg), and empty BW (EBW; kg). No sex or breed effects were found on EE and CP compositions of the carcass (C EE and C CP , respectively; %); the equations were as follows: C . The physical carcass composition indicated a breed effect on all components and a sex effect for fat in the carcass. We conclude that body and carcass compositions can be estimated with rib 9-11 for purebred and crossbred NEL animals, but specific equations have to be developed for different groups of animals.
INTRODUCTION
Body composition equations developed before the 1980s (Hankins and Howe, 1946; Kraybill et al., 1952; Crouse and Dikeman, 1974) are still being used despite the likelihood that those equations may have limited application to modern cattle because of important changes in the potential growth of cattle. Enns and Nicoll (2008) identified changes in weaning weight (0.43 kg/yr), postweaning ADG (0.29 kg/yr), yearling weight (0.79 kg/yr), slaughter weight (1.7 kg/yr), and mature BW (0.13 kg/yr) for Angus from 1976 to 1993.
Methods that can estimate carcass or body composition without sacrificing the entire carcass are important because they save time, labor, and costs. These methods have to maintain acceptable levels of accuracy to be widely adopted. Some methods are commonly used estimate carcass composition (Hankins and Howe, 1946; Powell and Huffman, 1973; Crouse and Dikeman, 1974) , whereas others predict the whole-body composition (Panaretto and Till, 1963) . Some use a combination of both (Hopper, 1944; Kraybill et al., 1952; Clark et al., 1976) .
Body composition can be estimated either using the compositions of head, feet, organs, viscera, leather, blood, and carcass or using indirect methods such as the 9th-to 11th-rib section (rib 9-11 ) composition. Empirical equations to predict carcass composition are more precise than those to predict body composition due to less variation in empty BW (EBW) composition (Valadares Filho et al., 2006) . These authors reported less SE and greater R 2 for equations that predicted carcass than those that predicted empty body composition.
The objective of this study was to develop empirical equations to estimate physical and chemical compositions of the carcass and the empty body using the composition of the rib 9-11 and other measurements for purebred and crossbred Nellore (NEL) animals fed high-forage diets under feedlot conditions.
MATERIALS AND METHODS
The experiments used in our study followed the standard procedures for animal care and handling of the Federal University of Viçosa.
Database
A database containing carcass and body compositions of 246 animals from 6 studies was developed from experiments that were conducted at the Universidade Federal de Viçosa (Brazil). There were 37 intact males (BU), 115 steers (STR), and 94 heifers (HE), of which 132 were NEL, 76 were F 1 NEL × Angus (NA), and 38 were F 1 NEL × Simmental (NS) animals (Table 1) .
Slaughter and Dissections
All experiments followed the same slaughter procedure. Briefly, after 18 h of fasting, animals were desensitized with a nonpenetrating stunner and killed by exsanguination using conventional humane procedures. The gastrointestinal tract was cleaned and weighed with other organs to measure EBW. Carcasses were weighed (HCW) and stored in a cold chamber (1 to 4°C) for 18 h and then reweighed to obtain the cold carcass weight (CCW). The right carcass was completely dissected into bone, fat, and lean tissues. The rib 9-11 was removed from the left carcass according to Hankins and Howe (1946) and subsequently dissected into bone, fat, and lean tissues ( Table 2) . Samples of bone, fat, and lean tissues from the carcass, head, feet, hide, blood, and organs and viscera were taken to determine carcass and body chemical compositions (Table 2 ). The mesenteric fat was physically separated from the gastrointestinal tract and weighed with KPH to compose the visceral fat (VF). Tendons were weighed with the lean tissue, whereas all other connective tissues were added to the fat pool. After weighing each component, lean and fat tissues were ground separately, subsampled, and mixed to obtain their original physical proportions. Carcass bones were separated into vertebral, ribs, and long bones. They were sawn into small pieces (5 × 5 cm) and proportionally subsampled to compose the total bone sample. The rib 9-11 bones were also sawn into small pieces (5 × 5 cm) and sampled. The head and feet were separated into hide, bone, and soft tissues. The hide was weighed and its composition was considered equal to the hide sampled from the body. Soft tissues were ground and bones were sawn into small pieces (5 × 5 cm) and subsampled. Viscera and organs were ground together and subsampled. Blood was sampled during exsanguination. The hide was sampled and ground. Except for blood samples, which were dried at 60°C for 72 h, all samples were preliminarily dried and partially defatted by washing with petroleum ether as described by Fernandes et al. (2010) . The amount of fat lost during this procedure was computed by weight differences. Then, all samples were ground using a ball mill and analyzed for moisture (method 934.01; AOAC, 1990), protein (method 920.87; AOAC, 1990), ether extract (EE; method 920.85; AOAC, 1990) , and ash (method 924.05; AOAC, 1990) to determine the chemical composition of the rib 9-11 , carcass, and empty body. The final EE was corrected by adding the fat lost during the partial defatting process.
Regression Analyses
A modification of the approach used by Seo et al. (2006) was adopted. Three steps were used to develop the empirical equations. In the first step, a stepwise procedure using ordinary least squares (OLS) regression was conducted to determine the most significant variables to be included in the models to predict composition. To estimate physical composition, the variables used in the stepwise procedure were lean of the rib 9-11 (LR), fat of the rib 9-11 (FR), bone of the rib 9-11 (BR), VF (KPH and mesenteric fats), organs plus viscera (OV), and carcass dressing (CD); all variables were expressed as percentage of EBW. The CCW (kg) and EBW (kg) were also included as independent variables. To estimate chemical composition, the variables used in the stepwise procedure were ash of the rib 9-11 (kg), EE of the rib 9-11 (EER), CP of the rib 9-11 (CPR), water of the rib 9-11 (WR), VF, OV, CD, CCW, and EBW. Variables that were significant at P < 0.01 were used in the second step.
In the second step, a random coefficient model was used to identify significant fixed and random effects using generalized least squares regression. The critical level of significance was assumed to be P < 0.05 for fixed effects (breed and sex) and P < 0.20 for random effects (study). The studentized residual was used to identify outliers and influential points. Three variance-(co) variance matrix structures were tested in the random coefficient model: variance components (VC), unstructured, and heterogeneous autoregressive 1 [ARH(1)]. The Akaike's information criterion (AIC) was used to select the statistical model with the best fit. Finally, in the third step, another OLS regression was performed with the selected fixed effects and the independent variables obtained in the second step. The final regression was obtained without including the random variables.
Because VF and OV are difficult to measure, additional simplified equations were developed without them. In this case, only the components of the rib 9-11 , CD, CCW, and EBW were included in the steps described previously. These simplified equations were compared with the complete models using the ΔAIC method as described by Burnham and Anderson (2002) : 
Sensitivity Analyses
All regression analyses were performed using PROC REG (SAS Inst. Inc., Cary, NC) for OLS and PROC MIXED of SAS for generalized least squares statistical models. The REML was used as the method of convergence in the PROC MIXED.
Bootstrap analysis was used to evaluate the robustness of the developed equations using the statistical software R (R Development Core Team, 2009) and the package "boot" (Canty and Ripley, 2009 ). This procedure consists of building a sampling distribution by resampling the database as described by Davison and Hinkley (1997) . The bootstrap was conducted by replicating the database and resampling this "pseudouniverse" 2,000 times (Simon, 1997) . The biases were estimated by the difference between the estimates using the resampling procedure and the OLS procedure of the third step.
In a separate analysis, the cross-validation technique was used to estimate the mean square error (MSE) of each empirical equation according to Davison and Hinkley (1997) using the statistical software R (R Development Core Team, 2009 ). This analysis consisted of randomly separating the database into 2 groups a priori in which one group is used to fit the model and the other group is used to test it. This procedure was replicated 2,000 times and the average of MSE was computed.
RESULTS AND DISCUSSION

Carcass Chemical Composition
Carcass EE. The OLS regression analysis indicated that EER and VF were the most significant (P < 0.001) variables in predicting carcass EE (C EE ). Neither breed nor sex effects were significant (P > 0.05). The ARH(1) was the best variance structure (AIC = 1,047.9) and study effect was present in the intercept (P = 0.147) and in the EER coefficient (P = 0.141). Contrary to these findings, Nour and Thonney (1994) found that breed effect was significant when evaluating the Hankins and Howe (1946) equation to estimate lipids in the carcass. They used Angus and Holstein steers in their evaluation, whereas our database primarily comprised purebred and crossbred Bos indicus cattle.
Equation [1] accounted for 83.3% of the C EE variation, of which 92.3% was explained by EER and the remaining 7.68% was associated with VF. The bootstrap analysis indicated biases of −0.0243 in the intercept, 0.00084 in the EER, and 0.0022 in the VF coefficients. These biases were moderately low, demonstrating a good accuracy of Eq. [1] in predicting C EE . A MSE of 4.53 was obtained by the cross-validation analysis (P < 0.001). This MSE was relatively large, considering animals had less than 20% of EE. It probably occurred because of a large variation in the database (CV = 11.8%). The small biases suggested that these variables were consistent and sufficient in predicting C EE , but the MSE indicated that predictions may contain considerable error:
C EE = 4.31 ± 0.42 + 0.31 ± 0.03 × EER + 1.37 ± 0.14 × VF, [1] where C EE is carcass EE (%), EER is the EE in the rib 9-11 (%), and VF is visceral fat (%) of KPH plus mesenteric fat in the empty body. Table 3 shows the average chemical content of EE, CP, water, and ash of the carcass and body. In addition, Table 3 has the difference not accounted for by the Hankins and Howe (1946) equations, which is represented by the EE, CP, and water content in the bones. The equations proposed by Hankins and Howe (1946) used only the composition of soft tissues (i.e., did not include the bone composition); therefore, the prediction of EE, CP, and water in the carcass could be incorrectly predicted by their equations because they did not account for the content of protein and EE in the bones. Considering that the difference of 3.12% of EE in the carcass came from bones (Table 3) , the overprediction of EE in the carcass may affect the predictions of energy requirement by the animal depending on the stage of the bone growth and development. Several studies have relied on these equations to predict carcass composition (Tylutki et al., 1994; Perry and Fox, 1997; Baker et al., 2006) .
Because the most variable component in the body is fat, the separation of fat and fat-free components may decrease the prediction variability of the body composition (Berg and Butterfield, 1976; Robelin et al., 1979) . Our analysis indicated that the CV of the CP, ash, and water in the carcass decreased from 10.5, 20.9, and 7.40%, respectively, when expressed as percentage of body to 6.58, 14.4, and 2.52%, respectively, when expressed as a percentage of body fat-free matter. Fortin et al. (1980) also reported that the representation of their data as a percentage of body fat-free matter was more homogeneous. Therefore, a good estimate of EE may strongly influence the prediction of other components in the carcass.
Carcass CP. The main variables to predict carcass CP (C CP ) were CPR and CD. Both the unstructured and ARH(1) had similar variance-(co)variance structure, with an AIC of 782.5. An effect of study was found on CPR (P = 0.084) and CD (P = 0.097), but no fixed effects of breed or sex were found (P > 0.05). Therefore, a single equation was developed (Eq. [2]). Similar to our findings, Johnson et al. (1990) , working with swine, and Kirton and Barton (1962) , working with cattle, reported negative correlations between C CP and CD. Cook et al. (1951) , working with Shorthorn steers, also suggested that animals with high CD percentage would have more fat in the carcass and thus less carcass CP. C CP = 17.92 ± 2.72 + 0.60 ± 0.04 × CPR -0.17 ± 0.04 × CD, [2] where C CP is carcass CP (%), CPR is the CP in rib 9-11 (%), and CD is carcass dressing in the empty body (%). The CPR accounted for 93% of the variation in Eq. [2], whereas CD explained only 6.99% of the total variance. Equation [2] had good accuracy (MSE = 1.58) and the biases of the coefficients were small: −0.0787 for the intercept, 0.0029 for CPR, and 0.0005 for CD.
Other studies have shown that specific gravity or density do not estimate the amount of CP in the body reasonably well (Albin et al., 1967; Garrett and Hinman, 1969) . According to Garrett and Hinman (1969) , these correlations are even less in leaner animals (less than 12% body fat), which would be the case for animals receiving implants, under grazing systems, or in the growing phase. Significant differences between C CP observed and estimated by the Hankins and Howe (1946) Carcass Water. The stepwise analysis indicated that WR and EBW were the most important variables to predict carcass water (C W ; P < 0.001). The VC was the selected variance-(co)variance structure, with an AIC of 1,093.1. Only EBW was influenced by the random effect of breed (P = 0.093). Breed effects were found on the intercept (P = 0.013) and WR (P = 0.013) coefficients; thus, 1 equation was fitted for each breed.
Equations [3] to [5] accounted for 66.7% of the variation in the data, of which 86.3% was explained by WR and the remaining 13.7% was explained by EBW. The bootstrapping analysis indicated biases of 0.217, 0.102, and 0.589 (NEL, NA, and NS, respectively) in the intercept; biases of 0.004, 0.002, and 0.005 (NEL, NA, and NS, respectively) in the WR coefficient; and a bias of 0.0103 in the EBW coefficient. The cross-validation yielded an MSE of 5.17. Although Nour and Thonney (1994) worked with different breeds, their finding is in agreement with ours in which breed effect was important when estimating water content in the carcasses of Angus and Holstein steers from the water content of the rib 9-11 . where C W is carcass water (%), WR is the water in the rib 9-11 (%), and EBW is the empty BW (kg). Because water is the major component in the carcass, its accurate prediction can greatly influence the prediction of other components. If protein and ash are expressed as a percentage of body fat-free and water- free matter, a constant protein:ash ratio of 73.4:26.6 was obtained independent of the BW (data not shown). Therefore, on some occasions it might be possible to predict carcass composition by quantifying only water and EE.
Empty Body Chemical Composition
Empty Body EE. The most significant variables to predict empty body EE (EB EE ) were the same as those used to predict C EE : EER and VF. Sex affected the intercept (P = 0.001) and the VF coefficient (P = 0.001). No breed effect was observed in the intercept (P = 0.088), in the VF coefficient (P = 0.178), or in the EER coefficient (P = 0.341). The variance structure used was VC, and its AIC was 1,006.5. Equations where EB EE is the empty body EE (%), EER is the EE in the rib 9-11 (%), and VF is the percentage of KPH plus mesenteric fats in the empty body. Equations [6] to [8] seem more reasonable than the equations of Hankins and Howe (1946) because if the amount of EE in the bones is not included (Table 3) , then EE in the empty body is underpredicted by 1.96%. This value is the amount of EB EE represented by the EE of the carcass bones, which is 11.4% of the EB EE . Therefore, considering the amount of C EE is the same as that present in the soft tissue, it will overestimate the C EE and EB EE . Baker et al. (2006) obtained ultrasound measurements for marbling and LM area and developed an equation to predict empty body fat of yearling bulls. They reported an R 2 of 0.72 and root of MSE of prediction (RMSEP) of 2.14%. Their equation included backfat (cm), HCW (kg), marbling (visual determination), and LM area (cm 2 ) as independent variables. To determine the body composition in live animals, the authors plotted backfat and LM area, measured by ultrasound, and HCW to predict EE in BW EE . The HCW was estimated as proposed by Garrett and Hinman (1969) as a function of BW, and the BW EE was estimated by its content in the carcass (Garrett and Hinman, 1969) . This equation had an R 2 of 0.62 and RMSEP of 2.49%. These findings indicated that Eq. [6] to [8] provided improvements in empty body estimations; however, other measurements should still be studied.
As observed for the carcass analyses, the CV of protein, ash, and water contents in the empty body was strongly reduced when expressed as percentage of fatfree matter, from 8.72, 17.4, and 8.05%, respectively, to 6.58, 14.4, and 2.52%, respectively.
Empty Body CP. The CPR (P < 0.001) and VF (P < 0.001) were the main independent variables in predicting empty body CP (EB CP ). The ARH(1) was the variance-(co)variance structure with a better fit (AIC = 692.3). The study effect was significant for the intercept (P = 0.082) and for the CPR coefficient (P = 0.073). Similar to the carcass equation, no breed or sex effects were found. Equation where EB CP is the empty body CP (%), CPR is the CP in the rib 9-11 (%), and VF is the percentage of KPH plus mesenteric fat in the empty body. Empty Body Water. The equation defined by the stepwise procedure included WR, VF, and OV to predict empty body water (EB W ). The random effect of study was not significant (P = 0.066) only for WR. A sex effect was found in the intercept (P = 0.001) and the WR (P = 0.004) and VF (P < 0.001) coefficients. Therefore, 1 equation was fitted for each sex. No breed effect was observed for any coefficient (P > 0.05). The same results were reported by Nour and Thonney (1994) . The VC structure was used, and an AIC of 999.2 was obtained. The equations for each sex are shown in Eq. where EB W is empty body water (%), WR is the water in the rib 9-11 (%), VF is the percentage of KPH plus mesenteric fats in empty body, and OV is organs plus viscera in the empty body (%). Equations [10] to [12] accounted for 81.4% of the total variation of EB W , of which 90.4% was explained by WR, 6.39% was explained by VF, and 3.22% was explained by OV. There were biases in the intercept of 0.439, −0.333, and 0.239, in the WR coefficient of 0.003, 0.006, and 0.003, and in the VF coefficient of −0.054, 0.176, and 0.216 for BU, STR, and HE, respectively. A bias on the OV coefficient of −0.007 was observed. The cross-validation yielded an MSE of 3.84.
The protein:ash ratio when expressed as empty body fat-free DM was 77.6:22.4, but it was better defined than fat-free matter because the SD was 28.5% smaller (3.61 vs 2.59), indicating that it is also possible to predict protein and ash in the EBW using only the content of water and EE in the composition of the empty body.
Carcass Physical Composition
Carcass Fat. The fat content of the rib 9-11 and VF were the main independent variables to predict carcass fat (C F ). There were effects of study in the intercept (P = 0.099) and of FR (P = 0.080) and VF (P = 0.100) coefficients. There was a sex effect in the intercept (P = 0.006) and an interaction of sex by breed in the VF coefficient (P < 0.001). The basic equation is shown in Eq. [13] , and the intercepts and VF coefficients are shown in Table 4 .
where a is the intercept influenced by sex and b is the VF coefficient affected by sex and breed (Table 4) , C F is carcass fat (%), FR is fat in the rib 9-11 (%), and VF the percentage of KPH plus mesenteric fat in the composition of the empty body. The variance structure ARH(1), with an AIC statistic of 981.2, was used. Equations [1] to [8] in Table 4 accounted for 79.3% of the variation of C F . This amount was explained by FR (84.9%) and VF (15.1%). The bootstrap analysis suggested no bias in the FR coefficient. Other biases are shown in Table 4 . Most of the coefficients had small biases. The cross-validation resulted in an MSE of 9.04. The hide-removal process is important because some fat might be left attached to the hide, decreasing the fat content of the carcass. Ahmed et al. (1992) estimated fat thickness by ultrasound measurement at the exact moment before animal slaughtering and found a greater fat thickness at this point than when it was measured in the carcass after hide removal. Guiroy et al. (2001) estimated carcass fat using data from 407 steers based on the work of Nour (1982) , Perry and Fox (1997) , and Guiroy (2001) . They found an r 2 of 0.61 and an MSE of 3.81. The database comprised Angus, Holstein, Hereford, Simmental, and Simmental × Angus crossbreds. The authors developed an equation to estimate empty body fat (r 2 = 0.61; MSE = 3.52; CV = 11.9%). Guiroy et al. (2001) also reported that r 2 and MSE were greater if breeds and studies were included in the model. This observation agrees with the present study, in which breed affected the fat composition in carcass. Perry and Fox (1997) proposed an equation to predict carcass fat based on the fat thickness and equivalent shrunk body weight and found an r 2 of 0.96 and a bias of 3%.
Carcass Lean. The lean percentage in the carcass (C L ) was explained mostly by LR and VF. The best variance-(co)variance structure was VC (AIC = 1,102.1). Random effect was found only for VF (P = 0.064). A breed effect was found in the intercept (P = 0.008) and LA (P = 0.005), but NEL and NS were not different (P = 0.918) for both coefficients. This response is likely attributable to differences in the degree of maturity among breeds. Although all animals were 50% NEL, British breeds are considered early-maturing animals, NEL medium-maturing animals, and Simmental late-maturing animals by NRC (2000) . It is important to point out that the database used in our analysis had an average EBW of 329 ± 78 kg. Therefore, it is possible that only the NA animals had reached maturity, and this determined breed effect on C L . Therefore, future studies should be conducted with NEL and NS closer to maturity to validate these results. The equations for each breed type are shown in Eq. where C L is carcass lean (%), LR is the lean in the rib 9-11 (%), and VF is the percentage of KPH plus mesenteric fat in the empty body.
Equations [14] and [15] explained only 51.4% of the total variation of C L , of which VF accounted for 86.8% and LR accounted for only 13.2%. After maturity, the most significant change in carcass composition is the fat deposition that is represented, in this case, by visceral fat, causing this amount of influence in the lean prediction equation. According to Reid et al. (1955) , the chemical maturity would occur when the contents of ash, protein, and water in fat-free matter become constant (or almost constant). Therefore, the proportion of these components in the carcass or body would be mostly affected by the fat composition of the gain. There were biases of −0.028 (NEL and NS) and −0.145 (NA) for intercept, no bias for LR, and a bias of −0.006 for VF coefficient. The cross-validation indicated an MSE of 8.87, which is likely high given the average of 61.8 ± 4.12% for the lean in the carcass.
Some equations using measurements in live animals have good correlations of carcass fat with the lean content in the carcass. Using the 12th-to 13th-rib subcutaneous fat depth, 12th to 13th LM area, rump fat, and BW, Greiner et al. (2003) reported an r 2 of 0.66. Bergen et al. (2003) , using the same variables except the BW, obtained correlations between 0.71 and 0.73. Bergen et al. (2005) , using 2 probes and measuring rib fat depth, LM size, hip height, shoulder height, gluteus medius depth, 12th-rib body wall depth, rump fat depth, and marbling score, proposed 8 equations to predict lean in carcass, with r 2 of 0. 41, 0.46, 0.44, 0.46, 0.62, 0.63, 0.51, and 0.55, respectively . However, none provided more precise equations than those reported in this study.
Carcass Bone. The content of bone in the carcass (C B ) was predicted by BR, CD, and VF according to the stepwise OLS regression. The study factor affected BR (P = 0.073). The only variance structure that converged was VC, and its AIC was 878.7. The VF was affected by sex (P = 0.001), but NEL and NS were not different (P = 0.184). Thus, a single equation was fitted for these sexes. The final equations by breed are shown in Eq. where C B is carcass bones (%), BR is the bone in the rib 9-11 (%), CD is carcass dressing in the empty body (%), and VF is the percentage of KPH plus mesenteric fat in the empty body.
Equations [16] to [17] accounted for 77.1% of the data variation, of which BR accounted for 85.5%, VF accounted for 11.1%, and CD accounted for 3.04%. The bootstrap analysis indicated biases of −0.505, 0.003, and 0.007 for the intercept and the BF and CD coefficients, respectively. The biases for the VF coefficient were 0.005 for NEL and NS and 0.006 for NA. The cross-validation showed a good fitness, with an MSE of 2.05. When we used the equations devised by Hankins and Howe (1946) to predict the content of bone in the carcass a concordance correlation coefficient of 0.61 and RMSEP of 2.98 were obtained; therefore, their equations was less precise than those obtained in our study, even when assuming that bone is less variable than lean and fat in the carcass, especially with BW greater than 300 kg (Berg and Butterfield, 1968) .
Simplified Equations
The equations shown in Table 5 were developed without considering variables that are difficult to obtain under practical conditions (i.e., OV and VF). The AIC statistics presented in Table 5 were greater (P < 0.05) than those discussed previously (full regressions). However, the equations shown in Table 5 had good precision and small root MSE. When carcass weight and EBW were included in the simplified equations, an improvement from 5 to 10% occurred in most cases. Sex was significant in Eq.
[1] to [14] and Eq.
[18] to [25] in Table  5 , and breed was significant in Eq. [7] to [14] and Eq.
[18] to [25] in Table 5 . These results suggest that VF accounts for some variation of the C EE , EB CP , and C B , and it should be determined whenever possible to improve carcass and empty body estimations.
Factors that Can Affect the Prediction of Carcass and Body Compositions
Plan of Nutrition. The plan of nutrition is one of the most important factors affecting body composition and growth development. The data from the literature vary from no to large influences, depending on how the plan of nutrition was analyzed. Nour et al. (1981) hypothesized that diet energy is an important factor in fat deposition, although muscle was not affected by the diet in their study. Prior et al. (1977) reported that in high-energy diets, small-frame animals increased their fat deposition rate more intensely than large-frame animals during the finishing phase, but usually smallframe animals are closer to maturity than large-frame animals. Nour and Thonney (1987) and Williams et al. (1983) agreed that diet does not influence the proportion of soft tissue in the carcass. If this premise holds true, diet is probably more correlated with the com-position of the soft tissue than with its proportion in the carcass. Ferrell et al. (1978) noticed that diet can increase the rate of BW gain but that it is not necessarily correlated with lean gain. The authors observed that high-grain diet increases BW gain but that the BW gain is mostly fat gain. According to Berg and Butterfield (1976) , the partitioning of nutrients is more relative than absolute. Fat deposition will depend strongly on the amount of available nutrients greater than that required by maintenance. Under starvation, fat will be the first component used by the animal and bone is the last tissue required to maintain vital functions; thus, bones resist depletion more than muscle and fat. This will directly affect some components used as independent variables as EER and FR, which are important predictors of carcass and body composition, as shown in Eq. [1], [6] to [8], and [13] . Although plan of nutrition is very important for body composition changes, its inclusion in predictive equations is not easy and this information is not always available. This partially explains why variables such as VF or OV or both were important in 7 of 9 equations in our study. The use of internal organs data may explain possible nutritional effects when associated with the amount of 1 specific component in the rib. Butterfield (1966) showed that carcass fat (subcutaneous and intramuscular) is readily available to the animal when it comes to any type of feed restriction, but visceral fat, which is more correlated with the animal metabolism, is constant and less used for energy supply during feeding challenges. Therefore, it likely better represents the fat content. If the animal undergoes a stress period (e.g., preslaughter period), changes in the rib fat might increase errors in the carcass or body composition because changing fat content (or amount) affects the proportion of other components.
Breed and Sex. Sex was significant in 7 equations and breed was important in 6 equations. Their correlation with maturity and body composition is well established. Fox and Black (1984) showed that animals of different frame sizes and sex had different body composition at the same BW. In our study, breed and sex had small significance in predicting chemical composition (only in C W , Eq.
[3] to [5] , EB EE , Eq. [6] to [8] , and EB W , Eq.
[10] to [12] ). On the other hand, when either full or simplified equations were developed, C CP was the only variable not affected by sex or breed (Eq. [2]). The physical composition had a strong breed influence in all components (fat, lean, and bone), and only fat was affected by sex. Despite the errors associated with the determination of the physical composition, these results seem satisfactory because the difference between sexes C EE = ether extract in carcass; EER = ether extract in 9th-to 11th-rib section; EBW = empty BW; EB EE = ether extract in empty BW; EB CP = CP in empty BW; CPR = CP in 9th-to 11th-rib section; EB W = water in empty BW; WR = water in 9th-to 11th-rib section; CCW = cold carcass weight; C F = carcass fat; FR = fat in 9th-to 11th-rib section; C L = lean carcass; LR = lean in 9th-to 11th-rib section; C B = bone in carcass; BR = bone in 9th-to 11th-rib section.
3 AIC = Akaike information criterion. 4 MSE = mean square error.
could be mainly expressed in the ADG, thus maintaining the proportion of bones and lean in the carcass and varying only the amount of fat deposited.
In conclusion, our results consistently confirmed that body and carcass compositions can be estimated from the composition of the rib 9-11 alone or with additional variables. Simplified equations (not including internal measurement variables) also had good accuracy and precision compared with the full equations. Because our database comprised purebred and crossbreed Bos indicus cattle, the equations developed are recommended to be used only with these breeds. Future studies should concurrently include Bos taurus and Bos indicus for a broader application.
